This article deals with the performance characteristics of an infinite slider bearing with rough surfaces in the presence of a magnetic fluid as the lubricant. The magnetic fluid flow model of Neuringer Rosenwicg has been used here. The stochastic model of Christensen and Tonder has been adopted to evaluate the effect of surface roughness. The related stochastically averaged Reynolds equation is solved to obtain the pressure distribution leading to the calculation of load carrying capacity. The results presented in graphical forms suggest that the adverse effect of transverse roughness can be minimized by choosing suitable magnetic strength. It is observed that the negativity-skewed roughness plays an important role in improving the bearing performance.
Introduction
Fluids with strong magnetic properties have attracted considerable attention during the last decade. The use of the magnetic fluid as a lubricant for the bearing system in technical applications in the domain of nano scale science and technology has made significant progress. Magnetic fluid consists of colloidal magnetic nano particles dispersed with the aid of surfactants in a carrier liquid. In reality, magnetic fluid is a hybrid of soft material and the nano particles. The average diameter of the dispersed particles ranges from 3 to 10 nm. The ferrofluids contain enormous magnetic nanoparticles and, therefore, can be influenced by either parallel or perpendicular magnetic field. The use of magnetic fluid has resulted in the development of many energy devices and instruments. Computer disks drives, semiconductors and high precision speakers are commercially available and based on magnetic fluid effects. The most important property of a magnetic fluid is that it can be retained at a desired location under the magnetic field. When a magnetic field is applied, each and every particle experiences a body force causing it to flow.
In most of the studies conventional lubricants were used. The use of magnetic fluid as a lubricant modifying the performance of the bearings has been well established. The application of magnetic fluid as a lubricant was investigated by many authors (Agrawal (1986) , Bhat and Deheri (1995) , Odenbach (2004) , Nada and Osman (2007) , Urreta et al. (2009 ), Huang et al. (2011 . In all these studies it has been established that the performance of bearing system could be improved by using a magnetic fluid as the lubricant.
In the field of engineering and technology, slider bearings are widely used because of their stability, durability and high load carrying capacity. The contribution of surface roughness and properties of lubricant film on the load carrying capacity and friction is an important aspect in the analysis of slider bearings. The researchers have carried out the study of performance characteristics of slider bearings with different lubricants from time to time. Surface roughness evaluation is very important for many fundamental problems such as friction, load carrying capacity, contact deformation, heat and electric current conditions. For this reason, surface has been the subject of experimental and theoretical investigations for many decades. In literature, many investigations, such as Tzeng and Saibel (1967) , Christensen and Tonder (1969a , 1969b , 1970 , Gupta and Deheri (1996) , accounting for surface roughness effect, have been proposed in order to seek a more realistic representation of bearing surfaces. Patel and Deheri (2009) analyzed the characteristics of lubrication at nano scale on the performance of transversely rough slider bearing. Sinha and Adamu (2009) studied the thermal and roughness effects on different characteristics of an infinite tilted pad slider bearing. In this paper roughness was assumed to be stochastic, and the method was developed using the models of Christensen and Tonder (1969a , 1969b , 1970 . Lin et al. (2004) analyzed the squeeze-film performance between curved annular plates with an electrically conducting fluid in the presence of a transverse magnetic field. Deheri et al. (2005) discussed the effect of transverse roughness on the behavior of slider bearings with squeeze film formed by a magnetic fluid. Lin et al. (2006) observed the effects of fluid inertia on the squeeze film behavior between two parallel annular disks with an electrically conducting fluid in the presence of a transverse magnetic field. Shimpi and Deheri (2012) dealt with the performance of a magnetic fluid based rough short bearing incorporating deformation effect. Deheri et al. (2013) investigated the performance characteristics of a hydrodynamic long journal bearing taking recourse to a magnetic fluid lubricant. Patel and Deheri (2014) analyzed the combined effect of roughness and slip velocity on the performance of a ferrofluid based rough porous hyperbolic slider bearing.
Here it has been thought proper to discuss the performance characteristics of an infinitely long slider bearing with rough surfaces under the presence of a magnetic fluid.
Analysis
The configuration of the bearing, which is infinite in the Z direction, is presented in Fig. 1 . It consists of two rough surfaces separated by a lubricant film. The lower surface is moving with the uniform velocity U in the X direction, while the upper surface is stationary. The length of the bearing is L while h 0 and h 1 being the minimum and maximum film thickness. The bearing surfaces are assumed to be transversely rough. 
where h is the nominal (smooth) part which measures the large scale part of the film geometry including any long wave length disturbances, and δ is a randomly varying quantity with zero mean, which arises due to the surface roughness measured from the nominal level. In this theory, the film thickness is assumed to be of such a form that the application of the Reynolds equation remains valid. This requirement is basic and quite unconnected with the idea of viewing film thickness as a stochastic process. Christensen and Tonder (1969a) and have made the following assumptions:
1. The magnitude of the pressure ripples associated with the surface roughness is small compared to the general pressure level in the bearing, and consequently, the variance of the pressure gradient in the roughness direction is negligible.
2. In the direction perpendicular to the roughness direction, the variance of unit flow is negligible.
3. The magnitudes of temperature and velocities associated with roughness are small compared to the corresponding general magnitudes in the bearing.
The details discussion regarding this aspect can be found in the investigation of Christensen and Tonder (1969a) and .
Following the averaging method of Christensen and Tonder the roughness turns out to be:
Following the investigations of Agrawal (1986) and Bhat (2003) the magnitude H of the magnetic field ̅ is taken as:
K being a quantity chosen to suit the dimensions so as to manufacture a magnetic field of required strength.
In view of usual assumptions of hydrodynamic lubrications, the lubricant film is taken to be isoviscous, incompressible, and the flow is laminar. Following the method of Sinha (2009), Agrawal (1986) and Deheri (2014) and adopting the stochastic averaging by the method of Christensen and Tonder, the Reynolds equation governing the pressure distribution is obtained as:
The associated boundary conditions are:
Introduction of dimensionless quantities ( ) ( ) ̅ leads to the dimensionless Reynolds equation:
Integrating both sides one finds that
where subscript m refers to the condition at point where .
The associated boundary conditions are Then, the expression for nondimensional pressure distribution is found to be:
Lastly, the dimensionless load-carrying capacity is obtained from the relation:
Results and discussions
It is clearly seen that the equation:
determines the pressure distribution while the load carrying capacity is obtained from:
Both these equations depend on various parameters such as . The first parameter describes the effect of magnetization while the remaining three parameters decide effect of roughness. Fig. 2 . indicates that load carrying capacity decreases with increased standard deviation, which does not happen in case of longitudinal roughness. Besides, variance (+Ve) decreases the load carrying capacity while the load carrying capacity gets increased due to variance (-Ve). Fig. 3 . The fact that the trends of load carrying capacity with respect to skewedness are similar to that of variance is reflected in Fig.3 . Of course, the effect of skewedness on the load carrying capacity with respect to variance is nominal. Fig. 4 . displays that the positively skewed roughness compounds the negative effect of standard deviation. Fig. 5 . suggests that the effect of skewness on the variation of load carrying capacity with respect to the film thickness ratio is almost nominal. It is established that the positive effect of variance (-ve) gets enhanced by the negatively skewed roughness, which may go a long way in improving the performance of the bearing system. Table 1 it is concluded that the load carrying capacity sharply rises due to magnetization, which may be due to the fact that the viscosity of the lubricant increases owing to the magnetization. It is interesting to note that for this type of bearing, system magnetization does not allow the load carrying capacity to be affected much due to roughness parameters.
Conclusion
Although the effect of negatively skewed roughness remains positive while designing the bearing system, the roughness aspects must be evaluated. For this type of bearing system the bearing may turn in an enhanced performance irrespective of the fact that the machine has run for a long time.
Извод
Лубрикација магнетног флуида код бесконачног клизног лежаја храпаве површине Кључне речи: клизни лежај, магнетни флуид, храпавост, капацитет носивости.
